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Induction of class II major histocompatibility complex expression
in human multiple myeloma cells by retinoid
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Class II major histocompatibility complex (MHC II) is normally silenced in plasma/mul-
tiple myeloma (MM) cells at the transcriptional level through downregulation of class
II transactivator (CIITA), allowing MM cells to escape from immunological responses.
Here we demonstrate that a retinoic acid receptor-α/β-selective retinoid Am80
(tamibarotene) could induce the expression of functional MHC II molecules in human
MM cell lines. Am80 upregulated expression of the interferon regulatory factor-1
gene, followed by enhancement of CIITA expression. This is the first report demon-
strating that retinoid can induce the expression of MHC II in terminally-differentiated
plasma/MM cells. 
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ABSTRACT

Brief Report

Multiple myeloma (MM) is an
intractable B-cell malignancy char-
acterized by clonal proliferation of

terminally-differentiated plasma cells in bone
marrow.1,2 MM develops as a result of multi-
step tumorigenesis caused by chromosomal
and genetic alterations.2 In addition to the low
effectiveness of chemotherapy in MM,
immunologic responses against MM cannot
be detected because most MM cells do not
express class II major histocompatibility com-
plex (MHC II), allowing them to escape from
direct recognition by idiotype-specific CD4-
positive T cells.3,4 During normal B-cell differ-
entiation to plasma cells, MHC II expression is
silenced at the transcriptional level through
downregulation of a transcriptional regulator,
class II transactivator (CIITA).3,5 Transcription
of CIITA is regulated by four distinct promot-
ers, and promoter III has a binding site for a
transcriptional repressor, positive regulatory
domain I-binding factor 1/B-lymphocyte-
induced maturation protein-1 (PRDI-
BF1/Blimp-1), the expression of which is
induced during terminal B-cell differentiation
into plasma cells.6 Thus, stage-specific gene
expression of PRDI-BF1 leads to silencing of
MHC II expression in plasma cells.  Promoter
IV has binding sites for interferon-inducible
factors such as interferon-regulatory factor-1

(IRF-1) and signal transducing activators of
transcription 1 (STAT1), and it regulates inter-
feron-associated expression of CIITA.7,8 

Retinoids such as all trans-retinoic acid
(ATRA) have been reported to inhibit the cell
growth of a range of malignancies.9,10 We have
previously demonstrated that a synthetic
retinoid Am80 (tamibarotene) could inhibit
MM cell growth through upregulation of p21
protein and downregulation of interleukin
(IL)-6/ IL-6 receptor.10 Am80 also inhibited
angiogenesis in vitro and in vivo.10 Am80 is a
retinoic acid receptor (RAR)-α/β-selective
retinoid, which does not activate RAR-γ or
retinoid X receptors (RXR), thus avoiding
unfavorable adverse effects.11 In addition,
Am80 has low affinity for cellular retinoic
acid-binding protein (CRABP) and is active
against CRABP-rich ATRA-resistant cells.  In
fact, Tobita et al. have reported that 14 of 24
patients with acute promyelocytic leukemia
who relapsed after ATRA treatment attained
complete remission following Am80 treat-
ment and experienced fewer adverse effects.12

Thus, Am80 has additional therapeutic advan-
tages compared to those of ATRA. In the pres-
ent study, we performed gene expression pro-
file analysis to examine the effects of Am80
on a human MM cell line. 
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Design and Methods

MHC II-negative human MM cell lines, U266, ILKM-2,
ILKM-3, ILKM-8, NOP1, XG7, FR4, SK-MM1, SACHI,
NCUMM-2 and NCUMM-3, a B-cell lymphoma cell line,
Daudi, and a CD4-positive T-cell leukemia cell line, Jurkat,
were used in this study.10,13,14 Retinoids were prepared as
described previously.10 A cDNA microarray analysis was
performed using IntelliGene HS Human expression chips
containing 16,600 probes (Takara).15 Briefly, U266 cells

were or were not treated 1 µM Am80 for 24 h, conditions
in which Am80 shows approximately 5-10% growth inhi-
bition on U266 cells as previously reported by us.10 After
incubation, total RNA was purified and subjected to a
microarray analysis.  The results are presented as the ratio
of gene expression in the Am80-treated sample to  that in
the untreated control (T/C ratio). The genes with a T/C
ratio of ≥2.00 or ≤0.50 were selected. To validate the results
of gene expression analysis, we performed quantitative
reverse transcriptase polymerase chain reaction (RT-PCR)
using Taqman Gene Expression Assays and the AB7300

Table 1. Upregulated/downregulated genes after treating U266 cells with Am80.

Accession No. Gene Gene name Treated/Control Ratio*
Symbol

Cell proliferation/cell death
NM_078467.1 CDKN1A cyclin-dependent kinase inhibitor 1A (p21, Cip1) 2.86 
NM_005428.2 VAV1 vav 1 oncogene 2.12 
NM_014330.2 PPP1R15A protein phosphatase 1, regulatory (inhibitor) subunit 15A 2.12 
NM_002777.2 PRTN3 proteinase 3 2.02 
NM_000308.1 PPGB protective protein for β-galactosidase 2.01 
NM_002961.2 S100A4 S100 calcium binding protein A4 0.47 
NM_006113.3 VAV3 vav 3 oncogene 0.47 

Signal transduction/cell communication
NM_016150.3 ASB2 ankyrin repeat and SOCS box-containing 2 6.00 
NM_001783.1 CD79A CD79A antigen (immunoglobulin-associated α) 5.95 
NM_017878.1 HRASLS2 HRAS-like suppressor 2 4.96 
NM_019111.2 HLA-DRA major histocompatibility complex, class II, DR α 4.05 
NM_001570.2 IRAK2 interleukin-1 receptor-associated kinase 2 3.24 
NM_002561.2 P2RX5 purinergic receptor P2X, ligand-gated ion channel, 5 3.17 
NM_000889.1 ITGB7 integrin, β 7 3.10 
NM_005928.1 MFGE8 milk fat globule-EGF factor 8 protein 3.04 
NM_002391.2 MDK midkine (neurite growth-promoting factor 2) 2.91 
NM_002118.3 HLA-DMB major histocompatibility complex, class II, DM β 2.80 
XM_051261.6 PLXNA1 plexin A1 2.41 
NM_004355.1 CD74 CD74 antigen (invariant polypeptide of MHC, class II antigen-associated) 2.33 
NM_004759.2 MAPKAPK2 mitogen-activated protein kinase-activated protein kinase 2 2.28 
NM_017701.1 ARHGAP8 Rho GTPase activating protein 8 2.27 
NM_020979.1 APS adaptor protein with pleckstrin homology and src homology 2 domains 2.26 
NM_002123.2 HLA-DQB1 major histocompatibility complex, class II, DQ β 1 2.22 
NM_002664.1 PLEK pleckstrin 2.21 
NM_007181.1 MAP4K1 mitogen-activated protein kinase kinase kinase kinase 1 2.14 
NM_002204.1 ITGA3 integrin, α 3 2.14 
XM_291268.2 GRINA glutamate receptor, ionotropic, N-methyl D-asparate-associated protein 1 2.13 
NM_003130.1 SRI sorcin 2.09 
NM_006120.2 HLA-DMA major histocompatibility complex, class II, DM α 2.07 
NM_002730.1 PRKACA protein kinase, cAMP-dependent, catalytic, α 2.07 
NM_033554.2 HLA-DPA1 major histocompatibility complex, class II, DP α 1 2.06 
NM_001192.2 TNFRSF17 tumor necrosis factor receptor superfamily, member 17 2.04 
NM_002125.3 HLA-DRB5 major histocompatibility complex, class II, DR β 5 2.04 
NM_000610.2 CD44 CD44 antigen 0.47 
NM_007207.3 DUSP10 dual specificity phosphatase 10 0.46 
NM_021205.3 ARHU ras homolog gene family, member U 0.46 
NM_000600.1 IL6 interleukin 6 0.43 
NM_177532.1 RASSF6 Ras association (RalGDS/AF-6) domain family 6 0.41 
NM_004619.2 TRAF5 TNF receptor-associated factor 5 0.41 
NM_002838.2 PTPRC protein tyrosine phosphatase, receptor type, C 0.37 
NM_002351.1 SH2D1A SH2 domain protein 1A, Duncan's disease 0.32 

Transcriptional control
NM_006509.1 RELB v-rel reticuloendotheliosis viral oncogene homolog B 4.18 
NM_007162.1 TFEB transcription factor EB 2.63 
NM_020062.1 SLC2A4RG SLC2A4 regulator 2.57 
NM_020347.1 LZTFL1 leucine zipper transcription factor-like 1 2.30 
NM_006312.1 NCOR2 nuclear receptor co-repressor 2 2.23 
NM_005080.2 XBP1 X-box binding protein 1 2.04 

*The results are indicated as the ratio of expression by the Am80-treated sample to expression by the untreated control. 
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System (Applied Biosystems). The expression value of
each gene was normalized to that of β-actin. 
To analyze MHC II expression, the cells were incubated

with staining buffer containing the fluorescein isothio-
cyanate-conjugated mouse monoclonal antibody which
can cross-react with HLA-DP, -DQ and -DR, or isotype-
matched control antibody (BD Biosciences), followed by
flow cytometry as described elsewhere.14 For interaction
analysis between T-cell receptor (TCR) and MHC II, the
reporter plasmid, 4κB-Luc,16 containing four nuclear factor-
κB (NF-κB) binding sites, and the internal control plasmid,
pRL-TK, expressing Renilla luciferase, were transfected into
Jurkat cells using Nucleofector (Amaxa Bio systems).
Twenty-four hours after transfection, Jurkat cells were co-
cultured with U266 or Daudi cells, which had or had not
been pre-treated with 1 µM Am80 for 5 days. The cells

were left unstimulated or stimulated with 300 ng/mL of
staphylococcal toxin SEE (Toxin Technology). After 24 h
incubation, luciferase activity was measured by a lumi-
nometer as described previously.16 In this system, when
TCR signaling occurs, luciferase activity in Jurkat cells is
induced through NF-κB activation.17

Results and Discussion

In order to examine the effects of Am80 on MM cells,
we first performed gene expression profile analysis using a
cDNA microarray containing 16,600 human genes. Table 1
shows the representative results of gene expression pro-
files after treatment of U266 cells with Am80. Am80
upregulated p21 expression and downregulated IL-6
expression, supporting the previous results.10 In addition,

Figure 1. Induction of functional MHC II molecules by Am80. A.
Induction of MHC II expression by Am80. U266 and Daudi cells were
or were not treated with 1 µM Am80 for up to 5 days. MHC II expres-
sion on the cell surface was analyzed by flowcytometry using the
monoclonal antibody which can cross-react with HLA-DP, -DQ and
–DR. Each histogram shows the result of 20,000 viable cells count-
ed. N.C., negative control stained with isotype-matched IgG. Control,
untreated control. B. Effect of Am80 on induction of MHC II expres-
sion in a variety of MHC-negative MM cell lines. Eleven MHC II-nega-
tive MM cell lines were or were not treated with 1 µM Am80 for 5
days. The results are indicated as the percentage of MHC II-positive
cells. Open bars and closed bars represent untreated control and
Am80-treated samples, respectively. C. Induction of MHC II expres-
sion by retinoids. U266 cells were treated with Am80, ATRA or 9-cis
retinoic acid (9-cis RA) for 5 days. MHC II expression on the cell sur-
face was analyzed by flowcytometry. D. Functional interaction
between MHC II-expressing U266 and Jurkat cells. The luciferase
reporter plasmid containing four NF-κB-binding sites and the internal
control plasmid were transfected into Jurkat cells, which were co-cul-
tured with Daudi or U266 cells that had or had not been pretreated
with 1 µM Am80 for 5 days. A superantigen SEE was added to the
culture medium. The luciferase activity was normalized to that of an
internal control and the results are indicated as fold-change com-
pared with the activity of single-cultured Jurkat cells. The experiment
was done in triplicate; column, mean; bars, standard deviation.
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Figure 2. Induction of expression of IRF-1 and CIITA by Am80. A. The effect of Am80 on expression of the IRF-1, CIITA, PRDI-DF1 and
STAT1 genes. U266, XG7 and Daudi cells were treated with Am80 (0-10 µM) for 24 h. Total RNA was isolated and subjected to quanti-
tative RT-PCR using primers for IRF-1, STAT1, PRDI-DF1 or CIITA. Expression levels were normalized to the expression level of β-actin and
indicated as fold-change compared to the expression of the untreated control. Experiments were done in triplicate; column, mean; bars,
standard deviation. B. Temporal profile of gene expression after treatment with Am80. U266 cells were treated with 1 µM of Am80 for
the indicated times (0-24 h).
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Am80 upregulated gene expressions of MHC II molecules
including HLADRA, HLADMB, CD74, HLADQB1, HLAD-
MA, HLADPA1 and HLADRB5, which prompted us to
examine the effect of Am80 on the cell surface expression
of MHC II.  We used 11 MHC II-negative MM cell lines
and a control MHC II-positive B-cell line, Daudi. As shown
in Figure 1A, U266 cells did not express MHC II molecules
on their surface. Am80 treatment induced the expression
of these molecules in a time-dependent manner. On the
other hand, in Daudi cells, constitutive expression of MHC
II was detected but not modified by Am80 treatment.
Among the MM cell lines examined, distinct induction of
MHC II was observed in U266 and ILKM-2 cells (Figure
1B), both of which are IL-6-dependent cell lines. We then
compared the effect of Am80 with that of other retinoids
including ATRA and 9-cis retinoic acid (9-cis RA), which
can bind to RAR-γ and RXR in addition to RAR-α/β. As
shown in Figure 1C, ATRA and 9-cis RA also induced
MHC II expression. There was no significant difference
among these retinoids, suggesting that RARα/β is impor-
tant for the induction of MHC II. 
Next, we examined whether the MHC II molecules

induced by Am80 can functionally interact with TCR.
We transfected the luciferase reporter plasmid into a
CD4-positive T-cell line, Jurkat, and co-cultured them
with U266 or Daudi cells, which were or were not pre-
treated with Am80. In order to bridge MHC II and TCR,
the staphylococcal toxin SEE, a superantigen, was added.
As shown in Figure 1D, in the presence of Daudi cells,
luciferase activity was increased and driven by addition
of SEE, whereas U266 cells could not stimulate luciferase
activity without pre-treatment with Am80. Importantly,
luciferase activity of U266 cells pre-treated with Am80
was increased by the addition of SEE. These results
demonstrate that Am80 can induce the expression of
functional MHC II molecules in U266 cells. 
We then examined the effect of Am80 on CIITA gene

expression to understand the mode of action of Am80 on
MHC II induction. We used U266, Daudi and a MM cell
line XG7, in which MHC II expression could not be
induced by Am80 (Figure 1B). As shown in Figure 2A,

PRDI-DF1 was highly expressed in U266 and XG7 cells,
and CIITA expression was suppressed. Although Am80
treatment did not modify the expression of PRDI-DF1,
Am80 induced a 4-fold increase in CIITA expression in
U266 cells, but not in XG7 cells. In contrast, PRDI-DF1
was completely silenced in Daudi cells, and CIITA was
highly expressed. Am80 treatment did not upregulate
CIITA expression in Daudi cells. ATRA and 9-cis RA
could induce expression of IRF-1 and CIITA in U266 cells
(data not shown).
We then examined the effect of Am80 on expression of

the interferon-inducible genes such as IRF-1 and STAT1.
In U266, but not XG7 or Daudi cells, Am80 induced a
1.6-fold increase in IRF-1 expression, whereas Am80 had
no effect on STAT1 expression in either cell line (Figure
2A). The temporal profile of gene expression by U266
cells showed upregulation of IRF-1 at 1 h after the treat-
ment with Am80 and upregulation of CIITA from 4 h
after treatment (Figure 2B). IRF-1 has been reported to be
induced by retinoid at the transcriptional level through
the binding of RAR to the IRF-1 promoter.18,19 Although it
remains unclear why Am80 could not induce the expres-
sion of IRF-1 in XG7 cells, these findings suggest that
Am80 directly enhances the expression of IRF-1, which is
followed by secondary induction of CIITA expression
without changing the PRDI-DF1.
In conclusion, Am80 has an immunomodulatory effect

in addition to anti-proliferative and anti-angiogenic activi-
ties. Although Am80 did not induce MHC II expression in
all MM cell lines, it might enhance the immunogenicity of
MM cells in vivo through the induction of MHC II expres-
sion. Since Am80 appears to be a safe and practical agent,
which has many therapeutic advantages over other
retinoids, it could be used as a chemopreventive agent
from the earliest stage of MM.
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